Introduction
Our understanding of the interactions between anthropogenic discharge and natural microbial communities is limited. This is in part due to the difficulties in extrapolating laboratory-based data to a natural ecosystem (1) . Genetic exchange and selection are readily shown in laboratory cultures. However, the complexity of the natural microbial community, the interactions between species, and the difficulties of in situ measurement with minimal disturbance to the system, have made evaluation of microbial response to chemical pollutants extremely difficult. Our advances in molecular techniques have begun to improve our understanding of these interactions (2) could explain the emergence of this new strain. However, combined with the increases in new cholera strains in Asia, the emergence of other virulent pathogens transmitted through environmental pathways, the widespread misuse of antibiotics in Bangladesh (R Cash, personal communication), and the apparent environmental hardiness of "Bengal," it is urgent that we begin to investigate the links between environmental stress and disease emergence. Certainly one obvious role of global change is becoming clear. Environmental and climatic changes are altering marine ecosystem function. Nutrients and warming are resulting in increases in coastal algal blooms, with resulting increases in plankton productivity. The plankton has been shown to provide a reservoir for V. cholerae and other pathogens (19) .
Methodology
Improvements in nucleic acid technology throughout the 1980s have enabled us to characterize the DNA of natural bacterial and viral populations. Further characterization of the DNA (or RNA) can enable molecular probing for target gene sequences representing specific bacterial metabolic potential (20) . For example, polymerase chain reaction technology (PCR) is now routinely used to detect presence of the cholera toxin gene in V. cholerae samples (21) . PCR enables detection of specific gene sequences from microorganisms that are present in environmental samples at very low concentrations. Viable but nonculturable stages of a number of pathogens can now be detected with this technology (22) (23) (24) and indeed, the oceans may represent a reservoir for many of the human pathogens that we have previously thought would rapidly die off in the environment. Work of Paul and others (2) suggests that viruses are extremely abundant in marine systems. We are uncertain of their role. However, there is increasing evidence through improved enumeration techniques and electron microscopy for high viral infection rates of Environmental Health Perspectives MICROBIOLOGICAL PERSPECTIVES heterotrophic bacteria, estimated to possibly be as high as 70%, contributing from 10 to 100% of bacterial mortality (25) . If this is the case, viruses may play a crucial role in regulating productivity within the marine ecosystem, completely changing our understanding of trophic dynamics.
Our perception of the importance (and risks) of gene transfer in the environment is dramatically changed by these new measurements of abundance. We create conditions for increased gene transfer through discharge of turbid, often heated, nutrient-and pathogen-enriched waters. The apparent abundance of viruses, and the high bacterial infection rates, suggest that transduction could be a significant route for dissemination of genetic material. Genetic alteration by mutation has been shown to increase under environmental stress (16) (26) found reversion frequencies of several chromosomal alleles were 50 to 1000 fold higher in a freshwater lake compared to those observed in the laboratory. In addition, in studies on conjugal transfer of plasmids between Pseudomonas aeruginosa strains, O'Morchoe and coworkers (27) found evidence of considerable increases in genetic instability in a freshwater environment compared to simulated natural conditions. Direct evidence for an effect of a genotoxic substance (2,4-dichlorophenol) on the structure of natural microbial populations was shown in a study by Short and co-workers (28) . Addition of a genetically engineered Pseudomonasputida to soils amended with 2,4-dichlorophenoxyacetate (2,4-D) , resulted in a greater than 400-fold decline in numbers of fungal propagules and a marked reduction in CO2 evolution. These major changes in the microbial community structure were shown to result from accumula-, tion of 2,4-dichlorophenol, a toxic intermediate in the degradation of 2,4-D. This study serves to highlight the ecologic risks associated with increasing efforts to bioremediate contaminated sites. Addition of engineered microorganisms (or even selective enrichment of indigenous microbes), not only presents risks from genetic transfer (16) , but can also result in accumulation of metabolites that may be more toxic/genotoxic than the original contaminant.
Summary
To summarize, rapid dissemination of genetic information in microbial communities, whether on plasmids, through viral transduction or even transformation, results in a rapid microbial community response to an anthropogenic influence. The challenge for the microbiologist is to characterize specific genetic markers of the microbial community that reflect anthropogenic influence and can be readily used as indicators of ecosystem health.
